However, there is no reason to believe that previous results for developing countries will hold for developed countries such as the United States. Several studies have examined differences in household behavior for income groups in the United States. Blaylock and Blisard, for example, discovered food spending to be more equally distributed than income, possibly due to subsistence requirements and government efforts to provide an adequate diet. In a study of expenditures on breakfast cereals, Jones, Chern, and Mustiful found lower-income groups to be more responsive to changes in price than higher-income groups. This study, however, was confined to a specific geographic location and commodity group. In addition, data limitations prevented analysis of income responsiveness. In another study, Huang and Raunikar showed that food away from home was a luxury good for lower-income households and a normal good for higher-income households, but a measurement of price responsiveness was lacking.
In the literature on demand analysis, there exists a myriad of studies which report estimates of own-price and income elasticities for various commodities. However, few studies center attention on the fact that these key parameters may change at different levels of income. Our objective in this paper is to investigate possible differences in own-price elasticities, income elasticities, and subsistence expenditures by level of income. Using the 1987-88 Nationwide Food Consumption Survey (NFCS), we partition the sample into two income classes. Subsequently, using the Linear Expenditure System (LES), we estimate own-price and income elasticities for twelve food commodity groups. The LES was chosen for its incorporation of subsistence consumption; the system also works well for broad commodity groups. Quality-adjusted prices were used in this analysis to provide a fair comparison of two potentially distinct groups (Cox and Wohlgenant) . We then compare the corresponding set of demand elasticities between the two groups. Because the results may be beneficial to federal agencies who target principally low-income groups, we provide examples of how to use the elasticity estimates in dealing with food policy issues.
Data
The data set for this analysis is the household portion of the 1987-88 NFCS, targeted at all private households in the forty-eight contiguous states. The survey was designed to provide a sample of 6,000 households. However, only 4,495 completed acceptable interviews. The data set provided detailed records on the money value, quantity, and type of foods purchased by the household over a one-week period. Our analysis considered only housekeeping households, that is, those households with at least one person having eaten ten or more meals from the household food supply during seven days prior to the interview. Also, some households failed to report income figures, or had nonresponses in other categories. These households were not used for analysis. On net, our sample consists of 4,068 households. An additional fifty-two households were removed from the sample because they reported annual incomes less than $1,000, which seemed unreasonable. Finally, only white, black, and AsianIPacific Islander households were analyzed, providing a total sample of 3,869 households for estimation purposes.
A degree of controversy exists concerning the validity of the 1987-88 NFCS. In particular, the General Accounting Office has criticized these data on the grounds of low response rate and quality control. While it is true that the data may not adequately represent certain groups, the distribution of individuals on the basis of race, urbanization, food stamp participation, and income seems representative of the U.S. population in 1988 (Nayga and Capps) .
Twelve aggregate commodity groups were chosen for this analysis: food away from home (FAFH), beef, pork, chicken, fish, cheese, milk, fruits, vegetables, breakfast cereals, bread, and fats and oils. Also, information was collected on various socioeconomic and demographic characteristics of households including income and household size.
Prices were not provided by the NFCS. Therefore, prices were imputed by dividing a group's expenditures by its corresponding quantities. In the case of FAFH, this quantity is an actual number of meals. Thus, the imputed price would represent the price of a meal away from home. Differences in these prices were attributed to quality differences. As Cox and Wohlgenant showed, adjusting prices for quality differences is important. Therefore, prices were subsequently adjusted for quality differences among households by regressing imputed prices on selected sociodemographic characteristics, namely race, region, urbanization, income, and household size, as follows:
The variables include pi,the imputed price of the ith commodity group; NE, a binary variable representing a household located in the Northeast; MW, a binary variable representing a household located in the Midwest; WEST, a binary variable representing a household located in the West; CC, a binary variable representing a central city household; SUB, a binary variable representing a suburban household; BLACK, a binary variable representing a black household; ASIAN, a binary variable representing an Asian household; INCOME, annual income after taxes; and HSIZE, the household size. These variables are common to analyses of expenditure or Engel functions (Blaylock; Capps and Havlicek) . One category was omitted from each demographic characteristic to avoid singularity due to the use of binary variables. Thus, reference households correspond to those that reside in the South, live in nonmetropolitan areas, and are white.
Quality-adjusted prices for each commodity were generated by adding i0to the residuals derived from each commodity regression (Cox and Wohlgenant) . This proceedure is common in the literature to generate quality-adjusted prices. Not all households purchased all commodities during the survey period. When either expenditure or quantity was z:ro, the qualityadjusted price was equal to bo for that commodity group.' The principal goal of this study was to analyze the effects of income level upon household food consumption behavior. To accomplish this goal, the data were partitioned into a low-income group and a high-income group. The basis for this segmentation was the 1987-88 poverty guidelines as developed by the U.S. Department of Health and Human Services (DHHS) (table 1). These poverty guidelines are adapted from poverty thresholds published by the Bureau of Census. They are used by federal ' As an anonymous reviewer pointed out, Wales and Woodland (p. 449) state that "although intuitively appealing and possibly useful for prediction purposes, this approach does not generally provide consistent estimates of parameters of the model due to sample selectivity and simultaneity problems." Even though we could apply the Heckman technique to overcome the sample selectivity problem to obtain consistent estimates of the parameters in equation (1). it appears impossible to derive consistent estimates of these parameters independently from those of equation (2) to be discussed later. Consequently, we use the traditional procedure to generate quality-adjusted prices.
Arner. J . Agr. Econ. agencies to determine whether a person or a family is financially eligible for assistance under a particular governmental program. The fundamental idea of poverty guidelines is to ensure a household can meet its food needs (Senauer, Asp, and Kinsey) . The poverty income guidelines have been established for households from one to eight persons. In addition, DHHS calculated poverty-level income for households with more than eight members as the eight-person poverty income plus $1,800 for each additional person. Several major federal food assistance programs use 130% of the poverty guideline to determine eligibility for benefits. Partitioning the data in this manner resulted in the creation of a poverty status group that consisted of 782 households with an average annual before-tax income of $6,850 (table 2) , and a nonpoverty status group with 3,087 households with an average annual after-tax income of $33,244 (table 3) . Not only did this partitioning allow for the comparison of parameter estimates between different income levels, but also segmenting the data set in this manner showed that roughly one-fifth of the sample households were eligible for government food aid.
An analysis of the composition of the two groups as exhibited in table 4 revealed some interesting difference~. Given this segmentation, 47% of households in the poverty group reside in the South. We also found that 52% of the nonpoverty households were classified as suburban households by the NFCS. Finally, white Park, Holcomb, Raper, and Capps, Jr.
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households accounted for 91% of the nonpoverty the lower-income group had a negative qualitygroup, while black households accounted for 27% adjusted price for at least one commodity, corof the poverty group. Not surprisingly, mean ex-responding to 4% of this sample. Sixteen penditures on FAFH are notably higher for the households in the higher-income group had a nonpoverty group. Furthermore, looking at data negative quality-adjusted price for at least one densities, we see that 87% of nonpoverty house-commodity, corresponding to less than 1% of holds purchased FAFH, compared to only 60% this sample. Negative quality-adjusted prices of poverty households. In general, data densi-are sensible within the framework of this analyties were higher for the nonpoverty group. sis. But, to determine to what extent the negaThe generation of quality-adjusted prices ad-tive prices influence the parameter estimates, mits the possibility that some of the prices may the LES was estimated with and without these be negative. This situation suggests that, after prices. Because virtually no differences in paaccounting for quality differences, one would rameter estimates were evident, the empirical have to pay a particular household to consume results reported correspond to those derived by the good in question. Thirty-one households in including negative quality-adjusted prices. ' Data Density is defined as ratio of nonzero expenditures to total observations. 29 households had a negative quality-adjusted price. 1 household had a negative quality-adjusted price. 1 household had a negative quality-adjusted price. May 1996
Procedure
Because some households chose not to consume some commodity groups, the dependent variable could have a zero value for some observations. These nonpurchases could be due to household inventory or nonpreference. The possibility of the former becomes a reality the shorter the survey period-in this case, one week. Although the relatively broad aggregation of commodities combats this problem to a degree, we still encounter zero expenditures. Numerous studies have addressed the econometric implications of this zero-expenditure Amer. J . Agr. Econ.
problem. Estimation techniques which fail to take into account the censoring of the dependent variables give rise to biased parameter estimates. This analysis employs a generalization of the Heckman procedure as described by Heien and Wessells and Heien and Durham to account for zero expenditures. They utilize a two-step estimation procedure that is computationally simple and provides consistent and asymptotically efficient parameter estimates.
First, from a probit regression, we determine the probability that a given household would purchase the good in question. From this information we compute the inverse Mills ratio "ata Density is defined as the ratio of nonzero expenditures to total observations 1 household had a negative quality-adjusted price.
' 3 households had a negative quality-adjusted price.
9households had a negative quality-adjusted price.
' 9 households had a negative quality-adjusted price.
' I household had a negative quality-adjusted price. where $ represents the probability distribution function. In the second stage, the inverse Mills ratio is used as an instrument that incorporates the censoring latent variable in estimation of an LES. All H observations are used for the second-stage estimation.
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Given that the commodities considered are broad food group classifications, the LES was used to obtain parameter estimates (Phlips) . A separate demand system was estimated for each group. Each equation within the LES was augmented with the inverse Mills ratio to account for any bias resulting from zero values in the dependent variable. The demand functions derived from this specification are written as where pjhqih is the expenditure on the ith commodity group by the hth household; p,, is the quality-adjusted price of the ith commodity group for the hth household; yi is the subsistence quantity of the ith commodity group; pihyi is the subsistence expenditure level on the ith commodity group for the hth household; Y, is the total weekly food expenditures on all commodity groups; Y, -Zg,,y is the supernumerary income, or budget remaining after subsistence expenditures for the hth household; Pi is the marginal share of supernumerary income for the ith commodity group; and MR,, is the Inverse Mills Ratio for the ith commodity group and for the hth household.
The equation for fats and oils was omitted from system estimation to avoid singularity of the variance-covariance matrix of the disturbance terms. Because the LES is derived from a direct utility function, homogeneity and symmetry will hold at every point and need not be imposed (Phlips) .
Empirical Results
Parameter estimates were obtained for each group using a nonlinear maximum likelihood estimation routine (tables 5 and 6). The only insignificant estimates (at the 5 % level) were selected parameters associated with the inverse Mills ratio (except for the estimate of y for FAFH in the poverty status group). In each of the respective groups, in accordance with theory, all y's were positive, and all p's were positive and between zero and one. The subsistence consumption (y) of cheese exceeded the mean consumption of cheese in the poverty status group, the only theoretical violation in both estimations.
The P parameters in the LES correspond to marginal budget shares, the fraction of an additional dollar of supernumerary total expenditure
May 1996
Amer. J . Agr. Econ. spent on a particular commodity. The y param-for chicken, cheese, fruits, vegetables, and fats eters correspond to subsistence quantities. Us-and oils. Expenditure elasticities also are preing likelihood ratio tests, the estimates of both sented in tables 7 and 8. Our results for price the marginal budget shares and the subsistence elasticities for breakfast cereals are not in acquantities differ significantly between the be-cord with those of Jones, Chern, and Mustiful. low-poverty and above-poverty income groups. The estimated expenditure elasticities range be-A full report of own-price and cross-price tween zero and one, with the exception of the elasticities is available upon request. Uncom-elasticity for FAFH. The expenditure elasticity pensated own-price elasticities are presented in for FAFH is greater than one for both groups. tables 7 and 8. All estimated own-price elasticiIncome elasticities, not expenditure elasticities are less than zero. A comparison of the ties, are at the heart of policy decisions. Howown-price elasticities shows small differences ever, income elasticities are not directly ob- Note: All respective elasticities are calculated using the sample means of the data. Mean quantities were obtained by dividing mean expenditure by mean quality-adjusted price.
'Uncompensated own-price elasticities calculated as [y(l -P)lq] -1 .
Total food expenditure elasticities calculated as (P*Y)I@*q). Note: All respective elasticities are calculated using the sample means of the data. Mean quantities were obtained by dividing mean expenditure by mean quality-adjusted price.
Total food expenditure elasticities calculated as (P *Y)l@*q).
May 1996 tained from the LES. They are retrieved through the use of an auxiliary linear regression of total expenditure on income (Hymans and Shapiro; Manser; Capps, Tedford, and Havlicek) . The income elasticity for total expenditure calculated from this auxiliary regression can then be used to calculate an income elasticity as follows:
where el,,= income elasticity for consumption for the ith commodity; e,, = expenditure elasticity for consumption for the ith commodity; and e,, = income elasticity for total expenditure on all commodities. The aforementioned auxiliary regression was obtained for each income group. From these regressions income elasticities for total expenditure were calculated at the means of the data. For the lower-income group this value was 0.6438, and for the higher-income group this value was 0.4276. As expected, these values are less than one with the result that the calculated income elasticities are less than their corresponding expenditure elasticities.
Income elasticities (tables 7 and 8) are consistently higher for the poverty status group. Values range from zero to one, with the exception of the income elasticity of FAFH, which is greater than one for the poverty status group. FAFH for the poverty status group is a luxury good, but FAFH is a normal good for the nonpoverty status group. This result is in accord with previous work by Huang and Raunikar. Overall, the poverty status group was more responsive to changes in income than the nonpoverty group.
A useful feature of the LES is the estimation of subsistence quantities. Using these estimates and mean imputed prices, weekly and annual subsistence expenditures for the commodities were obtained (table 9) . Total weekly subsistence expenditures are $24.30 and $18.68 for the nonpoveky group and the poverty group, respectively. The bulk of the difference is due to higher expenditures on FAFH by nonpoverty households. cdmmodity group subsistence expenditures, in general, are higher for nonpoverty households than for poverty households. An exception is subsistence expenditure on chicken, which is higher for households in the poverty group. Annual subsistence expenditures for the commodity groups totalled $97 1.36 for poverty status households, accounting for approximately 14% of their annual before-tax income. The percentage was Amer. J . Agr. Econ. 
Policy Implications
The previously discussed results may be used in making food policy decisions. To illustrate, Pinstrup-Andersen, de Londoiio, and Hoover estimated a matrix of demand elasticities of twenty-two food commodities in Cali, Colombia, for five income strata. On the basis of their estimates, changes in nutritional levels (measured in calories and protein) of different population income strata could be examined from shifts in individual food commodity supplies. Similarly, we could use the methodology described by Pinstrup-Andersen, de Londoiio, and Hoover to estimate changes in levels of key nutrients such as iron, calcium, and calories, particularly for the poverty-status group. Alternatively, for any commodity, q,, given estimates of own-price, cross-price, and income elasticities, we may write Holcomb, Raper, and Capps, Jr where E~ represents the various price elasticity estimates, and q , represents the estimate of the income elasticity for commodity i. Thus, given percentage changes in the prices of the various commodities as well as the percentage change in income, we may calculate the percentage change in quantity demanded for any commodity i. If we let %Aq, = k and rewrite %Aqi as [qF -qo]lqo= kl100, where qF (q;) is the new (initial) equilibrium level of quantity demanded after (before) the change in prices and income, then we can ascertain the impact of changes in prices and income on levels of nutrient elements. If we let pi represent the nutrient content per unit of commodity i, then this impact is given as
Estimates of pi for selected commodities are available from the USDA via the nutrient data bank (Life Sciences Research Office). With this framework, one is then in the position of ascertaining the relative nutritional impacts of alternative food, agricultural, andlor macroeconomic policies for low-income groups.
Finally, one could use these empirical results to estimate the minimum percentage change in income of the poverty status group to effectively eliminate particular nutritional deficiencies, conditional on various levels of percentage changes in prices. In the simplest case, if it is assumed that %Apj = 0 for all j, then %Aq, = q i . %Ay. Further, if pi(qF -qP) = zi represents the recommended nutrient level (which may be similar to a RDA), then using equation (7) we have Therefore, %Ay = zil[pi. qP . qi]. Hence, these empirical estimates could be used to design policies with the goal of improving human nutrition.
Concluding Remarks
Twelve food commodity groups were analyzed according to household poverty status. A Heckman two-step procedure for a system of equations was employed to account for bias introduced from nonexpenditure on given com- modities by a household. The second step of the estimation involved the use of the Linear Expenditure System. Parameter estimates were used to obtain subsistence expenditures, ownprice elasticities, expenditure elasticities, and income elasticities.
The results indicate that if the emphasis of policy analysis is centered on poverty status households then analysts should employ demand parameter estimates using observations indigenous to this income group, and not average estimates for the population as a whole. This analysis could be enhanced through a further partitioning of income groups, the use of adult equivalency scales in lieu of household size, or the use of particular sociodemographic variates.
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